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PREFACE

Hydraulic model studies for developing suitable deflectors for the

spillways of the following dams were requested by the respective U.S.

* Army Engineer Districts, Portland (NPP) and Walla Walla (NPW) and

authorized by the Division Engineer, U.S. Army Engineer Division, North

Pacific (NPD) on dates indicated:

Da River District, Authorization Date

Bonneville Columbia Portland Not Available

John Day Columbia Portland Not Available

McNary Columbia Walla Walls 20 Mar 1972

Ice Harbtr Snake Walla Walla 18 Oct 1972

Lower Monumental Snake Walla Walla 27 Jan 1959

Little Goose Snake Walla Walla 30 Jul 1974

All model studies were conducted at the NPD Hydraulic Laboratory

during the period August 1971 to August 1976. Similar studies for the

Lower Granite project on the Snake River are published in Technical

Report 121-1, Lower Granite Dam, Snake River, Washington, Hydraulic'

Model Investigation dated August 1984.

Personnel involved in the tests were Messrs. 3. B. Bradfield,

I. L. Johnson, A. G. Nissila, D. Z. Fox, and L W. Parker under the

supervision of Messrs. P. K. Smith, L L. Johnson, and A. J. Chanda

(Chief, Hydraulics Branch). Director of the Laboratory 4as Mr. H. F.

Theus. Draft reports for individual dams were prepared by Messrs.

4 L. Z. Perkins and L L. Johnson. This comprehensive model report-of .

all six dms was prepared by Mr. M. M. Kubo, Seattle District

* Hydraulics Section.

During the course of the studies representatives from NPD, 1P?, VW,

National Marine Fisheries Service, Oregon Fish and Wildlife

Department, Washington Department of Fish and Game, Idaho Fish and

* 0 0 S_0 S 0 0 S S S
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SI..

Game Department, and Idaho Cooperative Fisheries Unit visited the

Laboratory to observe flow conditions in the models, to di"uss test

results, and to correlate those results with design work that was in

progress. Messrs. C, 0. Junge and B. E. Carnegie of the Oregon Fish

and Wildlife Pepattment assisted in the development of sp'•llway opera-

tior. schedules that provided the best possible conditions for fish

passage both before and after deflectors were installed at the

,- prototype projects.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)_

UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be con-

verted to metric (SI) unitj as. fol'ows:

Multiply BY To Obtain

feet 0.3048 metres

"miles '1.609344 kilametres

feet per second 0.3048 metres per second

I cubic feet per second 0.028317 cubic metres per second

pounds (mass) 0.4535924 kilograms

kilowatt-hours 3,600,000 joules

. .J .

4 , -

I-

* S S S 5 5 .' S . ---

• ; ,L • - • • - • ., , • • ,m • . , • : , - •. .,.. . . . . . . .- ,., .... . .... -.. --.. . . . .. . . .....,.. . . . ... ... ,.. . . . .--.... .... . . ,.... .-.-. .,.. . . . .



ci

PART I

C-I
* INTRODUCTION

* *. 

I

U,

S

C

0 
I

C. * 
* *

S

* 0 0 6 0 6 0 0 *� **.@ S S 0 0.. -- .-. -.-*.
- � 

*

* . *..-*-..� � �



-o

SPILLWAY DEFLECTORS AT

BCRNGr.VILLE, JOHN DAY AND MCARY DAMS ON"
j COLUMBIA RIVER, OREGONI/WASHINGTCt

AND

ICE HARBOR, LOWER MONUMENTAL AND LITTLE GOOSE DAMS
. N SNAKE RIVER, WASHINGTON

Hydraulic Model Investigations -

o,

PART I: INTRODUCTION

Physical Locadions
t00

1. Bonneville, John Day, and McNary Dams are located on the

Columbia River at River Miles (EM) 146.1, 215.6, and 292.0, respec-

"tively, measured from the mouth of the river where it meets the Pacific

Ocean.* The imaginary center of the river is the boundary for the

States of Oregon and Washington. Ice Harbor, Lover Monumental, and -

Little Goose Dams are located in the southeastern corner of the State .

of Washington and on the Snake River at RM 9.7, 41.6, and 70.3, respec-

tively, measured from the mouth at the confluence with, the Columbia 4

River. Figure ' is a location mapfor all six dams. The salient fea- "

tures of each dam are discussed individualy in subsequent paragraphs.

2. Highly aerated and turbulent flows over the spillways and

plunging into the deep stilling basins of the lover Snake and Columbia

River Dams increase the nitrogen saturation of the rivers to a super-

saturated state considered hazardous to the migrating fish. Feasible ']
methods of reducing spillway flows and accompanying nitrogen supersat-
uration included use of upstream storage to control ,spring freshets,

installation of additional powerhouse units, diversion through skeleton

. bays of the powerhouse units, and.structurally modifying the spillway

by construction of spillway deflectors ,to prevent normal spillway flowv

"* A table of factors for converting U.S. custamary units to metric (3I) -.

units of measurement is shown on page vi.

* 0 0 0 0 0 0 0S0 0 0 .0 0 00 0 0
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- from plunging deep into the stilling basin. Although all of these

-. methods would help to reduce supersaturation, spillvay deflectors vere

considered to be the most expeditious and efficient method to allevi-

ate the problem.

Need for Model Studie-

"3. The unknown effects of spillway deflectors on flow conditiofns

"in stilling basins, at existing fisheay entrances, and in the channtl

"dounstream from the spillway made the hydraulic model studies neces-

sary. Each project has individual characteristics; i.e., bank and

*... channel configuration, location of fishway entrances, and stilling-

basin or roller-bucket design which necessitated individual model

stadies to determine the location and geometry of deflectors and the

• soillway operation required to provide optimum fish-passage condi-

tions. Prototype development of the deflectors would be extremely

costly and time consuming.

The Models

4 . Due to the differences in size and channel capacity of each

project, a variety of scale models vas used to achieve, the best

results. Both sectional spillway and comprehensive, models were used

to develop the deflector designs fo'- all projects except John Day

where only a sectional model was used. Larer-scale models were used

as the sectional spillvay models and smaller scales were used in the

-*0 comprehensive models. The main purposes for the. comprehensive models

"vere to determine the effects of the recainmended deflectors on flow

"'-'" conditions both. in. and downstrems from the stilling basins and to'

S .. establish spillway operation schedules for optimum passage of fish.

* Where appropriate, acrylic plastic was used to simulate: al1 spillway

crests, gates, piers, deflectors, and roller buckets. All a.pproach

channels, tailwater channels, stilling basiun, etc., were made of

vaterproofed wood and'plyvood. The exit channels for comprehensive

* models were made of molded concrete and contoured to match the latest

, available topography for each project.

... A ,



5. Standard laboratory instruments and procedures vere used to

measure discharges, pressures in the sectional model, water surface

elevations, velocities, and other related measurements. Still or

timed-exposure photographs were obtained during the tests.

Scale Relationships

. 6. Except for the simulation of air entrainment in spillway

flovs, hydraulic similitude vas based on the Froudian relationships of

dimensions and hydraulic quantities between the models and the proto-

types. The performances of spillway deflectors in hydraulic models ,

cannot be used to determine reductions of prototype nitrogen supersat-

uration because 'air erntraiment and the effects of pressures on dis-

solved gases are not duplicated in Froude-lma scaled models. Prototype

tests mu-t be conducted to determine the total effect in reduction of
'*- supersaturation..

4S
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PARr II: BONNEVILILE DAN TESTS AND RESULTS

The Prototype

7. The salient features of Bonneville Dmm (plate 1) include an
18-bay (each 50-feet-wide) spillway, a 10-unit powerhouse on the left

bank, an 8-unit powerhouse on the right back, two fish ladders, and a
single-lift niviation lock. The spillway is controlled by split-leaf,

vertical-lift gates and designed to pass 1,600,000 efs at maximum pool.
The end .bays are separated from the remaining portion of the structure %

by training walls to improve flow conditions adjacent to the project
fish-passage facilities. The stilling basin is 81 feet long and

includes two roin of 6-foot-high baffles. The basin floor is at ele-
vation -16 feet.*

The Modals

"8. The 1:25-scale model simulating one bay of the existing spill-
way and the stilling basin is shown on photograph 1. A separate con-

"prehensive model (primarily constructed for the Bonueville second
powerhouse study which ultimately was constructed in 1982) at a scale

of 1:100 was used to evaluate the overall performance of the deflec-

tors (photograph 2).

Tests

* 9. Test data consisted of flow profiles indi.cting zones of aera-

tion and flow directions, photographs, and pressures on the deflectors

and baffle piers which vere tested on the 1:25-scale model. The river.
flow used in most of the study was the combined discharpe of the

r I spillvay, the 10-unit powerhouse (140,600 cfs), and the fishuays.

All-elevations in this report are in feet N,,D.
.!

•, ..• .5
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Combined discharges of 220,000, 300,000, and 400,000 cfs were selected

Sfor the initial tests which simulated discharges of 4,700, 9,750, and

16,000 cfs per bay, respectively, with 16 of 18 spillway bays in oper-

ation. With the existing spillway, flow with all three discharges

followed the concrete outline of the ogee and plunged to the bottom of

'the still;ug basin. Profile views indicating zones of aeration and

flow directions with these discharges are shown in photograph 3 and on

plate 2.

10. Initially, a 6-foot-long deflector connected to the ogee

upstream by a 6-foot-radius fillet was studied at elevation 12 (photo-

graph 4 and on plate 3). Observations of zones of aeration and flow

directions for the three test flows are shown in photograph, 5 and on

plate 4. Standing waves developed on the water surface, with the

* largest one located between the deflector and first row of baffles.

Lowering tt-- tailvater elevation (to decrease the submergence of the

deflector) reduced the waves and therefore indicated the deflictor was

too low.

, 11. Various combinations of deflector lengths and elevations

were investigated in tne sectional model to determine the optimum

design. These tests indicated that the 12-foot-long deflector was the

m most effective and that it should be located higher than elevation 12

* due to the standing waves, that occurred with the.deflector at that

elevation (photograph 6). Tests of the 1:100-scale model with the

deflector' set at elevation 12 also indicated that the deflector should

* be located above elevation 12 'to prevent formation of strong ,eddies

adjacent to both fishway entrances.

12. Based on the preceding tests, elevation 17 wva selected for

' further tests with the 6- and 12-foot-long deflectors. Details of the

12-foot deflector and piesometer locations are shown on plate 5. Flow

"" conditions for the two deflectors with 220,000, 300,000, and 400,000

cfs are shown in photographs 7 and 8. Since there was less air

. entraioment and maIler standing waves with the 12-foot. deflector,

• \ '6
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"- most of the subsequent studies were conducted with this design.

Pressures on the deflector were positive with spillway flows of

1,152,000 and 1,200,000 cfs (table A) and with all other discharges

tested. Pressures measured on the stilling basin baffles at the.

locations shown on plate 6 approximated the depth of water above the

piezameters. While determining the minimum tailwater required for

skimming flow with the 12-foot deflectors in the sectional model,

similar tests were conducted with 16 bays ot the spillway in the

S1:100-scale comprehensive model (also used for the Bonneville second

powerhouse study). Minimum tailwater to maintain skiming flow in

both models is shown on plate 7. For flows below 17,000 cfs per bay, S

the 16-bay operation required a higher tailwater than exists at the

prototype. Without the interaction of adjacent bays, the single-bay

* model indicated a lower tailwater limit for plunging flow. At a dis-

charge of 300,000 cfs with 10 bays operating, surging, plunging flow .

occurred in the stilling basin of the single-bay model (photograph 9).

With a river discharge of 1,610,000 cfs (89,000 cfa per bay), the flow,

both skimied and plunged with normal tailwater elevation 70.8 (photo-

graph 10). Skimming flow persisted when the tailvater rose from a

lower skimming condition while the discharge was increasing.

13. Since lowering the deflector also lowered the required tail-

water for skiming flow, the 12-•oot deflector was subsequently tested

"" it elevation 14. Flow conditions with the deflectorat elevation 14

. were acceptable with river discharges of 220,000 to 510,000 cfs (pho-

tograph 11 and plates 8 and 9). Although the standing wave height

* just downstrem of, the deflector was greater than that which occurred

with the delflactor at elevation 17, there was little increase in the

* entrained air at the lower depths of the basin. Pressures on the

r , deflector and baffle piers were positive.

4

"14. With the deflectors installed at elevation 14 (photographs

12 ,and 13), the tailwater required to produce skimming flow was deter-

. mined for both 16- and 10-bay operation (plates 10 and' 11). With the*

9 16-bay, ope'ration, normal tailwater produced stable, skiming flow for.

W7.
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" discharges as low as 11,500 cfs per bay (river discharge was 325,000

Scfn). This was an improvement over the de.lector at elevation 17 which

developed unstable flow with discharges less than 18,000 cfs per bay.

Photograph 14 shows flow conditions in the stilling basin for 10-bay

spillway operation with a discharge of 181,000 cfs and Lormal tailwater

* while photograph 15 illustrates flow conditions with a discharge of

221,000 cfs and the minimum tailvater required for skimming flow.

Tests indicated' that the 12-foot deflector at elevation 14 provided

the best overall results with regard to flow stability, entrained air,

and pressures on baffle piers.

I.N
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BonneilleDam.

Photgrah 1.Drybed f,125-salemode dhwingexitin

spilway



Spillway with deflectors at elevation 14.

Bay 18. with deflector at elevation 14.

Bonrievifle DaM

Photograph 2. Dry bed of 1:100-scale comprehensive model.



-River discharge 220,000 cfs (4,700 cfs per bay).
Plunging flow, tailwater elevation 20.1.

J

River discharge 300,000 cf s (9,750 cfs, per bay).
Plunging flow, tailwater elevation 25.4. jj

I... River discharge 400,000 cf s (16,000 cf s per bay).
v Plunging flow, tailwater elevation 31.2

Bonneville Dlam

*Photograph, 3. Existing prototype conditions with normdal
tailwater. Pool elevatioii 74,0,, pow erhouse
discharge 140,000 cfa.
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River discharge 220,000 cf s '(4,700 cfs per bay).
Skimming flow,. tajiwater elevation 20.1.--

River discharge 300,0010 cfs (9'-,750 cfs per bay).
Skimming flow, tailwater elevation 25.4.-

River discharge 400,000 cfs (16,000 cfs per bay).

Ski~mming flow, tailwater elevation 31.2.

Bonneville Dam

Photograph 5. 6-foot. deflector at elevation 12 with normal
tailwater. Pool elevation 74.0O, powerhouse
discharge 140,000 cia.,



River discharge 220,000 cfs (4,700 'cfs per bay).
Skimming flow, tajiwater elevation 20.1.

River discharge 300,000 cfs (9,750 cfs per bay).
Skimming flow,'tailvater elevation 25.4.

River discharge 400,000 cfs (36,000 cfs per bay).
Skimming flow, tajilwater elevation 316.2.

Bonnevill@ Damn

*Photograph 6.12-foot deflector at elevation 12 with normal
tailwater. Pool eleVation,74.0, powerhouse
disýcharge 140,000 cfs.
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River. discharge 22L,000 cfs (4,700 cfs per bay)..
Skimming flow, tailwater elevation. 20.1.

River discharge 300,000 ,cfs (9,750 cf s per bay).
Skimming flow, tajiwater elevation 25.4.

River discharge 400,000 cfs (16,000 cts per bay).
Skirtming flow,' tajiliater elevation 31.2.

Bonneville Dar

Photograph 7,. .6-foot deflector at elevation 17 with normal
tajiwater. Pool elevation 74.0, powerhouse'
discharge 140,000 ldfs



River discharge 220,000'cfs (4,700 cfs per bay).
Skimml.ng flow, tailwater elevation 20.1.

River discha~rge 300,000 cfs; (9,750 cfs per bay).
Skimming flow, tailvater elevation 25.4.

River discharge 400,000 .cfs '(16,000 ,cfs per-bay).

* Skimming flow, tailwater~elevation 31..2.

Ronnevilig nam

Photograph 8. 12-foot deflector at elevation 17 with normal
tailvater. Pool elevation 74.0# powerhouse

* . discharge.140,000 cfs..
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River discharge 220,000 cfs (4,700 cfs per bay).
Skimming flow, tailvater elevation 20.1.j

.xtit

,River discharge 300j,000 cfs (9,750 cfs per bay).
Skimming flow, tailwater elevation 25.4..

River discharge 400,000 cfs (16,o000 cfs per bay).
Skimming flow, tailwater -elevation. 31.2.

Bonneville nam

Photograph 11. 12-foot deflector at elevation 14 with
normal tailwater. Pool elevation 74.0,
powerhouse 'discharge 140,000 cfs.
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*BonneyvillIea jDa

*Photograph 12. Flow'conditions with deflectors at elevation 14.
16-bay spillway operation, 6,OQO cfs-per bay.
Normal tailwater elevation 21.3. .. River discharge
237,000 cfs.
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4 Honnevi11e Damn

Photograph 14. 10 bay spillway operation. -Bays 5-14 passing
40,000 cfs.' Normal tailwater elevation 17.5
at gage T-1, river discharge 181,000 cfs.
Deflectors at-elevation 14.
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£ Photograph 15. 1C-` ay spillway operation. Bays 2, 3,5,7
9, 10, 12, 14, 16, 17 passing 80,000 cfs.
Minimumntailwater elevation 23.3 requir'ed for
skimming. flow,' river discharge 221,000 c-fS.
Deflectors at elevation 14.
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PART III: JOHN DAY DAM TESTS AND RESULTS

The Prototype

15. The salient features of John Day Dam (plate 12) include a

20-bay spillway, a 20-unit powerhouse, a single-lift navigation lock,

a 24-foot-wide fish ladder on each bank of the river, concrete non-

overflow sections, and flanking embankments. The spillway is control-

led by tainter gates and is designed to pass 2,250,000 cfs. Spillway -

energy is dissipated in a 185-foot-long stilling basin having a

13-foot-high sloping end sill. A section through the spillway and

*i stilling basin is shown on plate 13.

The Model

16. The 1:41.14-scale model consisted of a three-bay section of

S-the 20-bay spillway and stilling basin. The model initially was a

reproduction of the spillway, stilling basin, upstream topography at

elevation 135, and downstream topography at elevation 145. Subsequent

*" to the initial tests, a resurvey of the topography immediately down-

"stre•m from the stilling basin indicated the channel bed was lower tharn

* that reproduced in the model and that elevation 115 would be more rep-

resentative of the average bottom elevation. Photograph 16 and plates ,•

13 and 14 show the model with both downstream channel elevations.

Tests -

.17. Initi al tests were conducted with downstream channel topo-

- graphy at elevation 145 to observe flow conditions and air entrai'mwent

under existing conditions with varying' operating conditions (photo- 7r

graphs 17 and 18, and plate 15). With all flows, the nappe, heavily

entrained with air, was carried to the bottom of the stilling basin

"and resulted in mixing throughout the full depth of the basin.

9
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18. After comparing the flow performance of different lengtn

"deflectors (plate 16), the 12.5-foot-long deflector was recommended

and chosen for the optimum design. A factor in sel; .- ing the optimum

location of the 12.5-foot-long deflectors was flaw stability in the

"stilliig basin. Plate 17 shows discharge and tailvater relationships

for both stable and unstable flow conditions occurring with the four

lip elevations tested. With the deflectors at elevation .149, stable

* skimming flow occurred with discharges up to approximately 16,000 cfs

per bay with 5 powerhouse units Lt operation (minimum nighttime load).

Tailwater limits are shown. for powerhouse operation varying between 5

and 16 units with The Dalles pool at elevation 160. Plate 17 also

shows discharge and tailwater relationships for the skimming nappe,

uplifted by excessive depth on the deflector lip. The uplift resulted

in a diving flow downstream and tended' to increase the depth of air

penetration in the basin. Uplift was less of a problem at lower dis-

charges and tailwater depths. Although spillway discharges for 16-unit,

powerhouse operation (maximum daytime load) fell within the excessive

* uplift area, the deterioration from good skimming flow conditions was

borderline but not considered serious. This condition would improve

". with The Dalles pool at less than elevation 160. Tests were conducted

to determine an elevation of the deflector lip which would provide the

best performance in the stilling basin for discharges oquivalent to

the' 10-year-frequency flood. Several combinations of deflector eleva- S

tions and discharges were used. Only minor changes occurred in degree,
concentratioh, and depth of air penetration by varying the defleccor

elevations. Regardless of location, the area susceptible to the draw-

down effect of aerated flow was in the vicinity of the stilling basin

end sill where velocities in the deep return flow were generally high

"enough to pull surface aeration downward. With the downstream topo-

graphy set at elevation 145, the Gecimum deflector elevation was' 149

since the least amount of air was entrained with the lower discharges

and the best energy dissipation occurred within the stilling basin

with higher discharges (photographs 19 through 25 and plates 18 and

19).. Energy dissipation (photographs 24 and 25) was satisfactory with

the standard project flood (33,900 cfs per bay) and the maximut design

"10
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discharge (112,500 cfs per bay). Deflector lengths of 10 and 15 feet

at elevation 149 were tezted to observe the flow conditions in the

stilling basin. This scheme was discontinued, however, since flow

conditions were either less effective or~showed no improvement over

the 12.5-foot deflector.

19. Similar tests were'conducted with the downstream channel

elevation at 115. Air entrainment and flow directions in the stilling

basin with deflectors at elevation 149 'for discharges of 3,000, 7,200,

12,000, and 19,300 cfs per bay are shown on plate 20. Comparisons of

depth and quantity of air penetratior in the basin with downstream

channel topography at elevations 115 and 145 are shown in photographs

26 through 29. The tests conducted indicated that elevation of down-

stre;m topography had little or no effect on depth of air entrainment

within the stilling basin. The quantity of air entrainment for higher

discharges was less with the lower downstream topography elevation.

20. The discharge/tailwater relationship for stable and unstable

flow conditions occurring with deflectors at elevation 149 and down-

stream topography at elev.at.ion 115 are shown on plate 2.1. Discharges

ranging from 3,000 to 19,300 cfs per bay were observed. Tailvater

limits are shown for powerhouse operation varying between 5 and 16

units with The ?)aIles reservoir at elevation 160. Stable skimming

flow occurred to approximately 16,000 efs per bay with five powerhouse

units in operation (ainim,,-nighttime load).

,21*. The performance of the 12.5-foot deflectors at elevation 149

was satisfactory with dounstrems channel topography at elevation 115.

Deflectors installed'at elevation 149 provided the best overall per-

formance with regard to flow stability, quantity and depth of air 'pen-

etration in the stilling basin, and energy dissipation with higher

discharges.

S~11
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*Downstream topography 'at elevation 115.

-, Photograph 16. Dry bed 'of spillway with 12.5-foot deflecto'r.
* ~at elevation 149.



Spillway 'discharge 3,000 cf a per bay.
9 powerhouse units in operation.

Spillway. discharge 7,200 cfs per bay.

5 powerhouse unita in operation.-

Johbn Day DA

Photograph 17. Flow conditions with existing spillway and
stilling basin (no, deflectors). River
discharge 250,00.0 cfs. Pool elevation 265;
tailvater elevation .163.0.
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John DaY DaM

Photograph 18. Flow conditions with existing spillway and
stilling basin (no deflectors), Spillway
discharge 112,500 cfs per bay. River
discharge 2,250,000 cfs. Pool elevation
277.9; tailwater elevation 201.0. No
powerhouse units in operation.
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John Day.'Da

-Photograph 19'. Flow conditions with 12.5-foot deflectors
* at elevation 149. 'Spillway discharge-

3,000 cfs per bay. River discharge
250,000 cfs., Pool elevation 265,; tailvater-
elevation 163.0. 9 powerhouse units in
operation.



Jo~hnDay D=

Photograph 20. Flow conditions with 12.5-foot deflectors
at elevation 149. Spillway discharge
.7,200 cf 5 per bay. River discha,.ge
.250ý,000 cfs. Pool elevation 265; tajiwater
elevation 1.63.0. 5 powerhouse units in
operation..
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Joh Day -Dam

Photgrah 2. Flw cndiionswit 125-fot~dfletor

* Photogrph 21. Foweracond.in ih1.-otdfetr



John DayDam

Photograph 22. Flow conditions with 12.5-foot deflectors
at elevation 149. Spillway' discharge
16,00cf s per bay. River discharge

440,000 cfs. Pool elevation 265; tailwater.'
* elevation 167.4. 5-powerhouse units in

operation.
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Phtgah2. Fo odton ih1.-otdfetr

Photgrah 2. Foweracondiin.ih1.-fotdfetr
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JohliDay J

Photgrah 24 Flw coditons wit, 125-fot dfletor

Photgrah 2.Foweracondiin. ih1.-otdfetr
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Cý

Photograph 25. Flow conditions with 12.5-foot deflectors
at elevation 149. Spillway discharge
112,500 cfs per bay. River discharge
2,250,000 cfs. Pool elevation 277.9;
tajiwater elevation 201.0. No0 powerhouse
units in operation.
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Dontra toorpya eeain15

Downstreamitopograpy Sat lelevatio cha1g5

3,000 cfs per bay.' River discharge
250,000 cfs. Pool elevation 265;
tailwater elevation 163.0. 9 powerhouse
units, in operation.
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Downstream topography at elevation 115.

0t

- A-

Downstream topography at elevation 145.

Photograph 27. Flow conditions with 12.5-foot deflectors
at'elevation 149. Spuiway discharge
7,'200 cf a per bay. River discharge

*250,,000 cfs. Pool elevation 265;
tailwater elevation 163.0. 5-powerhouse
units in operation.



Downstream topography at elevation 115.

Downtrem tpogrphyat-levaion145

Downstrea evtopography at ielevatio sc145. e

12,000 cf a per bay. River- discharge
350,000 cfs. IPool elevation 265t
tajiwater elevation 165.3. S powerhouse
units in operation._,

00



Downstream topography at elevation 115.

Downstream topography at elevation 145;
SJohn Day Dam

.Photograph 29. Flow conditions with 12.5-foot deflectors
at elevation 149. Spillway discharge
19,300 cfs per bay. River discharge
500,000 cfs. Pool elevation 2651
tailwater elevation 168.8. 5 powerhouse
units in operation.
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PART IV: MCNARY DAM TESTS AND RESULTS

The Prototype

22. The salient features of McNary Dam (plate 22) include a

22-bay spillway, a 14-unit powerhouse, a single-lift navigation lock,

a fish ladder on each side of t,:e river, and flanking embankmeints.

The spiliway is designed "o pass 2.200,000 cfs at pool elevation 356.5

and !,431,003 cfs at norn3l pool elevation 340.0. Spillway discharge

is controlled *by split-leaf verticallift gates. Spillway energy is

dissipated in a 270-foot-long stilling basin having a floor elevation

of 228 with two rows of l0.5-foot-high baffle piers and a 10.5-foot-

high vertical end sill. Two bays at each end of the spillway are sep-

arated from the rest of the structure by training walls and are used

to p-ovide additional attraction flow or to improve 4urrent patterns

and velocities at the adjacent fishway entrances.

The Models

23. A 1:40-scale three-bay sectional model of the spillway,

stilling basin, and a portion of the downstream channel (photograph 30

and plate 23) was used to establish the deflector geometry. The spill-

way creist and toe curve were constructed of sheet metal that was

attached to plywood ribs. The upstream faces and ends of the gates

and the test deflectors were meade of acrylic plastic; other elements

of the model were constructed of waterproofed wood and plywood. Pool

elevation 340.0 was maintained by the spillway gates (except during

froe flow with the project design discharge of 2,200,000 cfs at pool

,,1,vva:ion 356.5).. Tailwater elevations (plate 24) were 'controlled by

a vaned tailgate and measured on the'centerline of the model 1,000

f et ,ovnstre. from the crest axis.

14. The 1:50-scaltw comprehensive model (photograph 31 and plate

25) was isned to determine-the effects of the recommended deflector on

flow conditions and to establish spillway operation schedules for

12

S 0 ,0



optimum passage of fish. The comprehensive model was a reproduction

"* of a portion of the forebay, the spillway and adjacent fishway entran-

- ces, powerhouse units 9 through 14, and about 1,600 feet of downstream

channel. The modet structures were made of plastic, waterproofed

wood, and plywood, and the exit channel was contoured in cement to

conform with a 1974 hydrographic survey at the project. Pool eleva-

Stn 340.0 was controlled by the spillway gates, and tailwater eleva-

tions were set at a gage approximately 2,000 feet downstream from the

, crest axis.

Tests

25. Tests were accomplished to evaluate flow stability in the

stilling basin and air penetration and flow directions in and down-

stream of the stilling basin both without and with. spillway deflectors.

* Pressures on the deflectors were measured with two different methods

of gate operation--flow under the gates and flow between' the upper and

lower sections of the gates. Spillway discharges of 13,500 cfs or

less per bay were of primary interest as they are the prevalent flows

during upstream migrations of fish'at the project. Discharges used in

the study were as follows:

"Spillway Flow Number of Number of River Discharge
in cfs er Bay qpSratin& Bays Powerhouse Units in cfg

3,000 20 14 290,000

6,000 20 14 350,000

10,500 20 14 440,000

13.500 20 14 500, 000

28,500 20, 14 800,000

100,000 22 0 2,200,000

* Tests were conducted with two tailwater conditions to-simulate John Day

Dan pool elevations 257 and 265; however, no data was recorded in the

1:50-scate comprehensive model with John Day pool elevation 257.

13
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Existing& Conditions (Without Deflector)

26. Flat conditions of varied spillway discharges with flow under

th,. tat.!S and between the top and bottom gate leafs are shown in photo-

graphs 32 -hrough 36 and on plates 26 through 32. With all discharges

and spillway gate conditions, aerated water plunged to the stilling

'vibsin fl-or and created conditions conducive .'or maximum nitrogen

siperiaturation of the flow leaving the basin. With all flow condi-

r inns tested, more spill was required through the end bays than

t~irough the center bays to create downstream flow adjacent to the fish-

way ent "noes ';plates 33 through 35). As a result an eddy or very

slow cuE -nt existeddownstreamm from the center bays. Flow near the

14ashington-shore fish ladder entrance was downstream with a small eddy

ilong the ladder wall 150 to 200 feet downstream from the entrance.

Maxi•utm upstream velocities in the eddy increased from I to'2 fps at

300,000 cfs' to 5 fps at 50.0,000 cfs. A good path of attraction flow

"toward the entrance existed along the right bank for all discharges.

Flow from the spillway/powerhouse fishway entrance was affected by

powerhouse discharge that moved diagonally across the end of the trash

sluice and carried the attraction flow downstream in that area. An

eddy existed along the north side of the trash sluice but did not

interfere with fishway attraction flow since a flow path to the

entrance existed with all river discharges. Fishway attraction flows

were .atitfactory with all tailwater conditions tested.

Deflector

.27. Deflector designs .(plate 36) varying in length from' 12.5 to

20.0 feet and located on the spillway crest between elevations 254 and

S264 we-re tested with discharges up to 100,000 cfs per bay. Conditions

with the deflector lip sloped upward at 10 degrees were not accepti-

4 able--excessive upli'fý of the nappe occurred causing aerated water to

plunge to the sti .ing basin floor just upstream from the baffle piers.

14
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28. The discharge-tailwater relationships for which stable and

unstable flow, occurred in the model for various deflector lengths and

"locations are shown on plate 37. With flow under the gate, the

11..5-foot deflector located at elevation 25,6 had the greatest range of

skimming flow and the smallest zone of surging between skimming and

plunging flow. Varyihg the deflector elevation made only minor changes

* in the concentration and depth of air penetration in the stilling

basin. The highest and lowest elevations caused either plunging flow

or surface undulations. With discharge between the two gate leaves, a

20-foot-long deflector would be required because the 12.5-foot-long

"deflector was too short to intercept the nappe. However, due primar-

ily to cost considerations, the decision was made to construct the

smaller 12.5-foot-long deflectors and adopt a spillway operation with

all flow to be passed under the gate.

* 29. Pressures on the 12.5-foot deflector were measured at the

piezometers shown on plate 38. There were no negative pressures

observed for the range of discharges tested (table B). The highest

*.. pressures occurred on the upstream portion of the horizontal lip (pie-

zometers I t.hrough 4) for discharges to 28,500 cfs per bay. A pres-

* ' sure of 78 feet of water existed at piezometer.0-5 during the project

'. design discharge of 100,000 c'fs per bay.

30. Flow conditions with the 12.5-foot deflector are shown in

photographs 37 through 41 an-: on plates 39 and 40. With deflectors

located on, the two end bay, on both sides of the spillway, excessive
turbulence existed at the fisbway entrances. The turbulence could

1r

* only be eliminated by increasing discharge through the end bays until

ptunging, flow occurred. Since the plunging flow condition would not

reduce the nitrogen supersaturation problem, deflectors were included

"only on bays 3 through 20.

31. The skimming flow off the deflector required different spill

patterns than those which were effective without the deflector. Two

different methods of spillway operation--flow between gate sections in

15

* * 6 0 0 S 0 0 0 0' 0 0 0

'9 1"

" " • • O • '•O • "O • •. "O' *



6

the end bays and flow under all other gates--were tested with river

discharges of 350,000 to 500,000 cfs. The first method' produced gen-

erally uniform flow patterns in the tailrace and acceptable conditions

at the fishway entrances (plates 41 through 46). The second method

S(plates 47 through 49), developed in cooperation with the Oregon Fish

and Wildlife Commission, minimized wave action and cross currents near

the respective fishway entrances without reducing attraction-flow vel-

"ocities. However, with this method of operation, a shorter flow path

with lower velocities existed downstream from the Washington-shore

f•lhway entrance, and upstream flow along the fish ladder wall was

present for all discharges except 350,000 cfs.

32. The skimming flow from bays 3 through 20 extended farther

downstream and was more stable when the John Day pool was at elevation

257 as compared to a pool elevation of 265. With discharges of 300,000

to 350,000 cfs, the eddy extending to the end of the Washington fish

"ladder was narrower with the lower John Day pool elevation. Although

powerhouse flow crossed the end of the trash sluice more abruptly as

tailuater decreased, there were ho unsatisfactory conditions noticed

for the range of tailwater elevations tested in the model.

1
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*. Photograph 30. Existing spiliway and stilling basin, in
.1:40-scale sectional model.*
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*Photograph 31. Existing struc .tures in l:5O-bcale comprehensive
model.
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Photograph 33,. Surface flow patterns without deflector;
river discharge 350,,000 cfs; 14 powerhouse
units, operating.
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Photograph 38. Surface flow patterns with deflector in
spillway bays 3 to 20; river discharge
350,000 cfs; 14 powerhouse units operating.
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PART V: ICE HARBOR DAM TESTS AND RESULTS

The Prototype

33. The salient features of Ice Harbor Dan include a 10-bay

spillway, a 6-unit powerhouse, a single-lift navigation lock, a fish.

ladder on each side of the river, and'flanking embankments (plate 50).

The spillway is controlled by 50-foot-wide by 53-fo~t-high tainter

gates and is designed to pass 850,000 cfs at pool elevation 446.4. At

each end of the spillway one bay is separated from the rest of the

structure by a training wall. Discharges in the end bays can be

adjusted to provide fish attraction flow or to adjust flow patterns

and velocities at the adjacent fishway entrances. Spillway energy is

dissipated in a 168-foot-long stilling basin having one row of 8-foot-

high baffle piers and a 23-foot-high vertical end sill. A section

thrdugh the spilliway is shown on plate 51.

The Models L

34. A 1:40-scale sectional model reproducing a three-bay section

of the approach, spillway, stilling basin, and exit channel (photo-

graph 42) was used to develop the optimum design of the spillway

deflector. The model crest, piers, gates, and toe curve were made of

acryli,ý plastic; the stilling basin and the approach and exit areas

were constructed of waterproofed wood and plywood. The pool elevation

was maintained by the spillway gates. The tailvater elevations fur- t.
nished by NPW were controlled by a vaned 'tailgate and were set 'at a

gage on the centerline of the r.odel 1,000 feet downstream from the

crest axis.

35. A 1:50-scale comprehensive model (photograph 43) was used to

-determine the effects of the recommended deflector on flow conditions

and to es:ablish spillway operation schedules for optimum passage of

fish. This model was a reproduction of A portion of the farebay, the
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spillway, the powerhouse, adjacent fishway entrances, and about 1,600

feet of downstream channel. The model structures were made of plastic,

waterproofed wood, and plywood. The exit channel was contoured in

cement to conform with a 1975-1976 hydrographic survey at the project.

The pool elevation was controlled by the spillway gates; tailwater ."..

"elevations were set at a gage approximately 1,000 feet downstream from

the crest axis. -

Tests

36. Spillway discharges.of primary concern in the study were

6,500, 12,500, and 17,500 cfs per bay which correspond to the 2-, 5-

and 10-year-frequency floods at the project. Performance of the

deflectors was also evaluated with discharges of 420,000 (standard

project flood) and 850,000 cfs (85,000 cfs per bay, project design

discharge).

Existing Spillway

37. Flow conditions in the existing spillway and stilling basin'

with discnarges of 6,500 to 85,000 cfs per bay (photograph 44 and

plate 52) were observed for comparison with conditions after the

deflectors were installed. With all flows tested, the nappe plunged

to the stilling basin floor and entrained air was distributed through-

out the basin. Supersaturation of tailwater with atmospheric gases

would occur with these conditions.

Deflectors

38. Details of the deflectors and appurtenances that were tested

are shown on plate 53. Since previous model studies of deflectors'for

spillways at other projects had indicated that'the 12.5-foot length

was adequate, this length was generally used in the Ice Harbor study.

A 20-foot deflector was tested only a. the finally selected elevation

and was used during tests of slotted b-ilkheads (paragraph 44).
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39. The 12.5-foot deflector located at various elevations between

332 to 344 was tested with 8-, 9-, and 10-bay operation. Varying the

deflector elevation had little effect on the degree, concentration,

and depth, of air penetration in the stilling basin. In all deflector

locations, the area susceptible to drawdown of aerated flow was in the

vicinity of the end sill' and baffle piers where velocities in the'deep

recurn flow were high enough to pull the surface currents downward.

This tendency would be greater in the prototype than in the model due

to higher amounts of entrained air.

40. Flow stability in the stilling basin was a major factor in

selecting optimum location for the 12.5-foot deflector. Discharge

tailwater relationships for which unstable flow conditions existed in

the stilling basin with eight-bay spillway operation during the 2-,

5-, and 10-year floods are shown on plates 54 and 55. With normal

tailwater elevations, surging did not occur in' the stilling tasin for

the 2-year flood (6,500 cfs per bay) with any of the six deflector

elevations that were tested. With deflector elevati-n 338 and above,

surging occurred with the 5-year flood (12,500 cfs per bay). With all

deflector elevations tested, surging during the 10-year flood (17,500. '7'.'

cfs per bay) became more severe as the deflector elevation decreased.

The greatest range of skimming flow for the three discharges tested

was obtained with the deflector at elevation 336. Higher elevations

caused the nappe to plunge excessively upstream from the' baffle piers

(tailwater depth ,over deflector was insufficient). Lover elevations

resulted in uplift of the nappe and undesirable saurface undulation

(too much tailwater d.pthover deflector).

41. Flow conditions and zones of aeration in the stilling basin

with the deflectors at the recommended elevation of 336 and discharges

of 6,500 through 17,500 cfs per bay are shown on photograph 45 and

plate 56. Photograph 46 shows that energy dissipation in the stilling

'basin was satisfactory with the deflectors at elevation 336 during the

standard project flood of, 420,000 cfs and the project design discharge

of 850,000 cfs.
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42. The 12.5-foot deflector at elevation 336 was tested with 9-

~.1 and 10-bay operation and the surging (unstable) zones of operation

(plate 57) and depth and quantity of air penetration in the basin did

not significantly change from those with eight-bay operation. Flow

conditions with the deflector length increased to 20 feet and located

at elevation .335 were similar to those occurring with the 12.5-foot

deflector.

Other Designs

43. Two arrangements of dentates were tested with the 12.5-foot

deflectors at elevation 336 (plate 53). The depth and .quantity of

aeration in the stilling basin for dentate Plan A,(two rows) and Plan B

(three rows) are shown in photographs 47 and 48, respectively. Both

plans reduced aeration during the 2-year flood;, however, little

improvement occurred during the 5-year flood and the dentates were not

beneficial at the 10-year discharge. Since the ability of dentates to

withstand cavitation damage and debris impact is questionable and their
effect on fish passing downstream over the spillway was unknown, they IL

were not recommended for use.

44. Slotted bulkheads designed to dissipate .energy by jet dif-

fusion were tested wi h the 20-foot deflectors (plate 53). The bulk-
heads, located in the stoplog slot upstream from the spillway gates,

were intended to pass up to 18,500 cfa per bay. Tests in the model

indicated that a discharge of 12,500 cfs per ba; at a spillway gate

opening of 15 feet was the approximate minimum discharge for effective

use of the bulkheads. At lower flows, the gate controlled flow and

the water surface between the gate and bulkhead approximated that in

the forebay. Considerable nappe fluctuation occurred at the gate lips'

and vibration of the model was evident. A deflector length of 20 feet

was required to, intercept the nappes from flows through the bulkheads -

with the spillway 'gates clear of the -jets exiting from the bulkhead

I
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slots. The depth and quantity of aeration in the stilling basin were

not reduced by the slotted bulkheads; therefore, use of-slotted bulk-

heads in -.on~junction with deflectors was not considered to be practi-

cal.
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Deflectors in bays 3 to 8. *

Ice Harbor Darn

Photograph 43. The 1:50 scale comprehefisive model.
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River discharge 160,000 cfs, spillway flow 6,500 cfs
per bay, tajiwater elevation 350.0, 8-bay operation.

River discharge 210,000 cfs, spillway flow 12,500 cfs
per bay, tailwater elevation 352.6, 8-bay operation*

- IT

- .-4 -

ALt

River discharge 250,000 cfs, spillway flow 17,500 cfs
per bay, tajiwater elevation 354.6, 8-bay operation.

IS e Harbor Damn

Photograph 44. Flow condi~tions in existing stilling
basin (no deflectors).
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River discharge 420,000 cfs, s Ipiliway flow 39,000 cfs
per bay, tajiwater elevation 363.0, 8-bay operation.

River discharge 850,000 cfs, spillway flow 85,000 cf's
per bay, tailwater elevation 373.8, 10-bay operation..

Ice Harbor Dam

Photograph 44. Continued.
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River discharge 160,000 cfs, spillway flow 6,500 cfs
per bay, tailwater elevation 350.0, 8-bay operation.

River discharge 210,000 cfs, spillway flow 12,500 cfs
per bay, tailwater elevation 352.6, 8-bay operation.

River discharge 250,000 ,cfs, spillway flow 17,500 cfs-
per bay, tailwater elevation 354.6, 8-bay operation.

Ice Harbor Dam

Photograph.45. Flow conditions in stilling basin with
12.5-foot deflectors at elevation 336.0.
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River discharge 42 '0,000 cfs, spillway flow 39,000 cfs
per bay, taliwater elevation 363.0, 8-bay operation.

-- MITT

River discharge 850,000 cfs, spillway flow 85,000 cfs
per bay,, tailvater elevation 373.8, 10-!jay operation.

Ice Harbor Damn

.Photograph 46. Flow conditions in stilling basin with
12.5-foot deflector at elevation 336.0.
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River discharge 160,000 cfs, spillway flow 6,500 cfs
per bay, tajiwater elevation 350.0.

River discharge 210,-000 cfs, spillway flow 12,500 cfs
per bay, tailvater elevation 352.6.

River dischar e250,000 cfs, spillway flow' 17,500 cfs,

per bay, tailwater elevation 354.6.

~Ice Habor am

Photograph 47. 'Flow conditions in stilling basin with
12.5-foot deflectors at elevation 336.0,
plan A dentates, and 8-bay operation. 5
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River discharge 160,000 cfs, pl yfo ,0;f

per bay, tajiwater elevation 350.0.

River discharge 210,000 cfs, spillway flow 12,500 cfs_
per bay, tailwater'elevation 352.6.

River discharge 250,000 cfs, spillway flow 17,500 cfs

per bay, tailwater elevation 354.6.

Ice HrbQj Da

Photograph 48. Flow conditions in stilling basin with
ý12.5-foot deflectors *at elevation 336 .0,
plan B dentates, and O-ba'- operation.
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PART VI: LOWER MONUMENTAL DAM TESTSAND RESULTS

The Prototype

45. The Lower Monumental project includes an eight-bay spillway,

a six-unit powerhouse, a single-lift navigation lock, and a fish lad.:

der on each side of the river (plate 58). The spillway is designed to

pass 850,000 efs at pool elevation 548 and is controlled by 50-fo~ot-

wide by 61-foot-high taihter gates. The stilling basin is 198 feet -

long and terminates in a sloping (1 vertical : 1 horizontal), 13-foot-

high end sill. A section through the spillway and basin is. shown on

plate 59.

The Models

46. A 1:42.47-scale model (photograph 49 and plate 60) was used

to develop the deflector design. The model was a reproduction of a.

three-bay section of the spillway with approximately 1,000 feet of

upstream approach, the stilling basin, and 1,400 feet of the down-

* stream channel at elevation 418, The spillway crest, piers, gates,

* and bucket were constructed of acrylic plastic, while the stilling

basin and upstream and downstream channels. were constructed, of wood. S

The pool elevation was controlled by the spillway gates, and the

comnputed tailwater elevations (plate 61) were controlled by a vaned

tailgatea.

47. A 1:50-scale comprehensive m~odel (photograph 50 and plate

62) was used to determine the number of deflectors to be installed and

to. establish operating procedures which would provide optimum fish-

passage conditions at adjacent fishway entrances. The model included

the spillway, both fishway entrances, fish ladder, powerhouse, naviga-

tion lock wall, bank linesp,, nd 1,600 feet of downstream topography.

The majority of the model was constructed of waterproofed wood. The -

*spillway gates, fishway systems, and deflectors were constructed of

22

, .-. -

PART 0 SI LO S M SUENA DA TE* A9 REUT 0

..................
a. s**-uni poeroue' sne-li.t naigtonlok and* a ihld T~.l



acrylic plastic, while the downstream topography was molded of concrete

between sheetmetal templates to conform to field surveys and design

plans. The tailwater was controlled by a hinged tailgate and measured

at gage 14A, 865 feet downstream from the powerhouse construction base-

line.

Tests.

48. Spillwry flows of 5,175,' 10,060, and 15,000 cfs per bay:- _

which correspond to river discharges of 172,000, 212,000 and 251,000

cfs, respectively,-were observed withthe existing (without deflec-

tors) spillway for comparison with conditions after the deflectors

were installed. The air-bubble pattern in the basin (plate 63 and

photograph 51) indicated that aerated water penetrated to the basin

floor and then was distributed throughout the basin and carried down-

stream.

49. Three different deflector lengths--10.0, 12.5, and 15.C

feet-Were tested with river discharges ranging from 85,000 to 850,000

cfs. The deflectors (photogra!Ih 52 and plate 64) were tested at ele-

vations ranging between 426 and 438. With all plans tested, low dis-

charges produced, a stable, skinming surface flow which prdvented the

aerated spillway flow from being carried deep into the basin. However,

as discharge increased, an unstable surging condition developed in the

basin causing violent mixing of the aerated water.

50. Varying the deflector length from 15.0 to 12.5 feet had

little effect on its ability to produce skimming flow and reduce the

amount of air drawn to the basin' floor. Photographs 53 through 56 and

photographs 57 through 59 show flow conditions in the stilling basin

with 15.0- and 12.5-foot-long deflectors; respectively, for various

discharges and deflector locations. The extent of aeration was very

similar with the two 'deflector lengths; however, conditions with the

12.5-foot-long deflector were slightly better at the higher (15,000

cfs per bay) discharge. Both deflector lengths were ineffective with
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riverflows of 420,000 and 850,000 cfs (photograph 60). The 10-foot-

long deflector was ineffective with discharges greater than 10,060 cfs

per bay as it did not intercept the nappe at those conditions. The

limits of skimming, unstable, and plunging flow conditions with the

various deflector lengths and elevations are shown on plate 65.

Deflector elevations below 434 created standing waves in the basin -

which drew air into the flow. With the deflector at or above eleva-

tion 438, the nappe lacked sufficient submergence and plunged near the

center of the basin causing air entrainment.

51. Based upon the tests discussed, the 12.5-foot-long deflector.

at elevation 434 was selected as the optimum design to provide stable,

skimming flow for river discharges up to 251,000 cfs (15,000 cfs per

bay). Aeration zones and flow directions with the recommended design

are shown on plate 66. Pressure at four locations on the deflector

(plate 67) were positive (table C). The highest pressures occurred in ""

the radius bucket of the deflector, while the lowest pressures gener-

ally existed on the downstream face of the deflector. The pressures

ranged from +2 (minimum measured) to +82 (maximum measured), feet of

water.

52. In an attempt to increase the allowable discharge per bay to

produce stable, skimming flow conditions in the stilling basin, vari-

ous arrangements of dentateswere located on the spillway' above the

12.5-foot-long 'deflector. The most satisfactory arrangement--Plan R--

consisted of three horizontal rows of 1.8-foot-wide by 2.6-foot-high

dentates spaced 1.8 feet apart in each row (plate 67 and photograph

61). With the dentates, zones of aeration and .flow directions in the

basin (plate 68 and photograph 62) were noticeably improved over con-

ditions existing with only the deflector.• Pressures on and near the

dentates were well'within the cavitation range (table D). Minimum-

pressures of -30 and -32 feet of water were measured at piezometer D-2

(plate 67) with discharges of 212,000 and 251,000 cfs, respectively,

and -18 feet of water (piezometer D-6) wirh a discharge of 420,000 cffs.

24.
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53. The recommended 12.5-foot deflector and the Plan H dentates

were installed in bay 2 of the prototype structure and subjected to

one season of operation. Extensive cavitation damage on the spillway

around the dentates resulted (photograph 63), and the decision was

made to remove the dentates and install, the remaining deflectors with-

out dentates. At that time the 15-foot radius on the upstream edge of

the deflector was also eliminated.

54. Once the detailed design of the deflectors was verified by

the studies in the sectional model, the 1:50-scale model was used to

determine the total number of deflectors to be installed'and to evalu-

ate flow conditions near the fishway entrances. Tests were accom-

plished with river discharges of 100,000, 200,000, and 420,000 cfs

with either three or six units operating for the following conditions:

existing spillway, deflectors in spillway bays 2 through 7, deflectors

in spillway bays I through 8, and deflectors in spillway bays 2 and 4

through 7.

55. Flow conditions with the existing spillway and river

discharges of 100,000, 200,000 and 420,000 cfs are shown on plates 69

through 76 and photographs 64 through 66. With discharges of 100,000

and 200,000 cfs, 'ligh velocities existed near the bottom of the basin

over the end sill with relatively uniform (top to bottom) velocities

farther downstream of the basin. Fish-attraction conditions at the

south fishway entrance (left end of spillway) were very good. A small

eddy formed behind and under the fish ladder but did not disrupt the

entrance flow pattern. The flow patterns near the powerhouse unit 6

fishway entrance were notas well defined and were less effective for

fish passage. With units 1 through 3 operating, a large eddy formed

near the entrance; while with all six units operating upwelling caused

upstream flow near the entrance. Both conditions interfered with flow

from the fishway entrance.

25
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Deflectors in Bays 2 Through 7

56. Flow conditions with a river discharge of 100,000 cfs are'

shown on plates 77 and 78 and photograph 67. Stable, skimming flow

existed in the stilling basin with high downstream surface velocities

and low upstream velocities over the end sill at mid-depth and along

the bottom. The plunging flow in bays 1 and 8 produced upstream sur-

face flow along each training wall. Velocities and flow intensity

increased with a riverflow of 200,000 cfs (photograph 6.8). The greater

spills-132,050 cfs with three units operating. (plate 79) and 63,050

cfs with six units operating (plate 81)--produced larger areas of

upwelling below bays I and 8 with upstream flow over much of the stil-

ling basin floor. Flow conditions in and just downstream from the

stilling basin were satisfactory with stable, skimuing flow from bays

2 through 7.

57. Attraction conditions at the fishway entrances were accept-

able at all flows'. The upwelling along each training wall created

flow conditions at the end of each training wall which would allow .

fish to swim into the stilling basin at bays I and 8 (plates 80 and

82). An eddy along the navigation lock wall created upstream flow

near the south fishway entrance, but a good path of downstream flow

existed between the eddy and the spillway flow. Flow conditions at

the entrance near unit 6 were less favorable as current tended to flow

across the entrance with three units operating and flow was upstream

towards the entrance with six units operating.

58. Flow conditions with a river discharge of 420,000 cfs (high-

est observed in the model) are shown on plates 83 and 84 and photo-

graph 69. The same flow patterns as those existing at the lower

discharges prevailed with the increased spill. Maximum velocities of

24 fps existed in the channel downstream from the end sill. A spill

per bay of 43,790 cfs (with units I through 3 operating) caused deep

plunging flow along the fult length of the basin. With six units

26
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I

operating, the spill was reduced to 35,140 cfs per bay which produced

skimming flow near the center of the spillway and wide areas of plung- Ii

ing flow at each end of the spillway.

Deflectors in Bays I Through 8

59. Flow conditions with deflectors in all eight Rpillway bays

are shown on plates 85 through 90 and photographs 70 through 72.

Stable, skimming flow existed at discharges of 100,000 and 200,000

cfs. The eddy existing along the navigation lock wall was slightly

stronger than that existing without end bay deflectors due to the

higher velocities along the water surface. The fishway entrance near

unit 6 was subjected to conditions influenced primarily by powerhouse

flow and did not change with the addition of deflectors in the end

bays. Although a better high-velocity fish block existed near the

water surface at the end of the training walls, velocities adequate to

block fish did not exist at mid-depth or near the bottom of the wall.

60. With the maximum flow tested--420,000 cfs-the flow again

overrode the deflectors and produced the same type of plunging flow in

the stilling basin as that which occurred with the six-deflector plan.

Attraction flow from the south fishway entrance was confined closer to

the wall of the navigation lock wall but was adequate for migrating

fish.

,Deflectors in Bays 2 and 4 Through 7

61. This configuration, was tested to evaluate its adequacy in

the event that construction time would not be long enough to complete

installation of the deflectors in bays 2 through 7 of the prototype

prior to the spring runoff. Brief studies indicated that poor attrac-

tion conditions existed with uniform spillway operation and this con-

figuration. Adjusting the spillway gates to provide greater than

27
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normal flow in the end bays improved attraction conditions but caused

upstream and/or plunging flow below bay 3; this operating condition

was not considered to be satisfactory.

28
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Photograph 49. Existing spilliwy and stilling basin in
1:42.47-scale in del.
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River flow 172,000 cfs (5,175 cfs per bay),
tailwater elevati-on 445.1.

5 0

River flow 2512,000 cfs (10,000 cfs per bay), 9

tailwater elevation'449.0.

-. . .Lower Monumental Dam

Photograph 51. Flow conditions in existing stilling basin.
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Photgrap 52.Typcal efletor



River f low 172,000 cfs (5,175 cfs per bay), '
tajiwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),
tajiwater elevation 447.2. *

*River flow 251,000 cfs (15,000 cfs per bay),
tailwater elevation 449.0. --

Lower M numental Dam -

*Photograph 53'. Flow conditions in stilling basin with
15-foot deflectors at elev~tion 439.0.



River f low 172,000 cf s (5,175 cf s per bay) ,
tajiwater elevation 445.1.,

River flow 212,000 cfs (10,060 c'fs per bay),,
tailwater elevation 447.2.

Iiver flow 251,000 cfs (15,000 cfs per bay),
tailwater elevation 449.0.

Lower Monumern~alDarn.

Photograph 54. Flow condition's in stilling basin with
1-5-foot deflectors at elevation 434.0.



River flow i72,000 cf s (5,175 cfs per bay) ,
tailwater elevation 445.1.'

WFIAýF WO

Rive flw 2,2,000 fs 10,Q60 fs er ay)

River flow 212,000 cfs (10,060 cfs per bay),
tailwater elevation 447.2.

LowerMonuental Dam

Photograph 55. Flow conditions in stilling basin with
15-foot deflectors at elevation 430.0.



River flow 172,000 cfs (5,175 cfs per bay),
tajiwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),
tajiwater elevation 447.2.

River flow 251,000 cfs (15,000 cfs per bay),
tailwater elevation 449.'0.6

Lgwer Monumental Dam

Photograph 56. Flow conditions i,n stilling basin with
15-foot deflectors at elevation 426.0.



River flow 172,000 cf s (5,175 cfs per bay),
tajiwater elevation 445.1.

River flow 212,000 cfs (10,060 cf s per bay),
tailwater elevation 447.2.

River flow 251, 000 cfs (15,000 cfs per. bay)',
tailwater elevation 449.0.

Loe ouetlDm

Photograph 57. Flow conditions in stilling basin with
* ~12.5-foot deflectors at elevation 438.0.
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River flow 172,000 Cfs (5,175 cfs per bay),
tajiwater elevation 445.1.

7I

River flow 212,000 cfs (10,060 cfs per bay),
tailwater el~evation 447.2.

R~iver flow,251,000 cfs.(15,0,00 cfs. per bay),
tailwater elevation 449.0.

Lower Monumental Dam

Photograph 58. Flow conditions in stilling basin with
12.5-foot'deflectors at elevation 434.0.
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River flow 172,000 cfs (5,175 cfs per bay),
tajiwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),
tailwater elevation 447.2.

Rivet flow-251,O'00*cfs (15,000 cf's per bay),
tajiwater elevation 449.0.

Lower Mornrnental Daml

Photograph 59. Flow conditions in stilling basin with9
12.5-toot deflectors at elevation 432.0..
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River flow 420,000 cfs (36,590 cfs per bay),'
tajiwater elevation 456.2.

River flow 850,000 cfs (106,250 cfs per bay),
tailvater elevation 465.1.

A

Photograph 60. Flow' coniditions in stilling basin with
12.5-foot domf lectors at elevation 434.0.
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Lower Monumental Dam

Photograph 61. Plan H dentates and 12.5-,foot deflector
at elevation 434.0.



River flow 172,000 cfs (5,175 cfs per bay),
tajiwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),
tailwater elevation 447.2.

River flow 251,000 cfs (15,000 cfs-per bay),

. tailwater elevation 449.0.

Lowr Mnumental Dam

Photograph 62. Flow conditions in stilling basin with plan 1
dentates and 12.5-foot deflector at elevation
434.0.0- 0 '00 0 0 0_
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Lower Monumental pam

qPhotogra'ph 63. Erosion of concrete below dentates in.
bay 2 of Lower Monumen~tal.Spiliway.
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Lower Monumental Dam

Photograph. 64.- Flow patterns without spillway deflectors;
'river discharge 100,,000 cfs;, powerhouse
units 1 to 3 operating, uniform spillway
operation, spillway discharge 35,200 cfs.
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Powerhouse units 1 to 3 operating,
spillway discharge 132,050 cfs.

Poerouser uonumentol 6Deatig

* Photograph 65. Flow patterns without- spillway deflectors;
river discharge 200,000 cf 57 uniform spillway
operation.



* .Powerhouse units 1 to 3 operating,
*spillway disch arge 350,340 cfs.

* Powerhouse units 1 to 6 operating,
spillway discharge 291,130 cfs.

Lower Monumental-Dam

Photograph 66. Flow patterns without spillway' deflectorsi
*river discharge _4200000-cfs; uniform spillway

o peration. .7-
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Lower Monumental Dam

Photograph 67. Flow patterns with 12.5-foot deflectors in
spillway bays 2 to 7. Powerhouse units 1
to 3 operating, river discharge 100,000 cfs,
spillway discharge 35,200 cf s, uniform
spillway operation.
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Powerhouse units 1 to 3 operating,
* spillway discharge 132,050 cfs.

I~ At

I~K - Powerhouse units 1 to 6 operating,.
spillway discharge 63,050 cfs. S

Lower Mgnumnrtai DamFPhotograph 68. Flow patterns with 12.5-foot deflectors *nspillway bays 2 to 7; river discharge200,000 cfs; uniform'spillway operation. -
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0 ~Powerhouse units 1 to 63operating,j spillway discharge 350,1340 cfs.
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Lower Monumental Dam

Photograph 70. Flow patterns with 12.5-foot deflectors in
SPillW3y bays 1 to' 8. Powerhouse units 1.
to 3 operating, ri'ver discharge 100,000
cfs, spillway discharge 35,,200 c~fs, uniform
spillway operation.
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Powerhouse units 1 to 3 operating,
spillway discharge 132,050 cfs.

Powerhouse units 1 to 6 operating,

spillway discharge 63,050 cf3.

Lowgr Monumental DAM

*Photograph 71. Flow patterns with 12.5-foot deflectors in
*spillway bays 1 to 8; dis 'charge 200,000 cfs;

uniform spillway operation..
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Powerhouse units 1 to 3 operating,
spillway discharge 350,340 cfs.

j4 0

Powerhous~e un it~s 1 to 6 operating,

9spillway discharge 281,130 efso

L~9ni~m ~ 1.0 .DM

Photograph 72. F'low patterns with 12.5-foot deflectors in
spiliway' bays 1 to S; riveir discharge.420,000
cf~s; uniform spillway operation.L
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..- PART VII: LITTLE GOOSE DAM TESTS AM RESULTS

The Prototype

62. The Little Goose project includes an eight-bay spillway, a

six-mnit powerhouse, a navigation lock, and facilities for migratory

fish (-late 91). The spillway is designed to pass 850,000 cfs at a

pool elevation 646A4 and is controlled by 50-foot-vide by 60-foot-high

.ainter gates. The spillway terminates in a dentated 50-foot-radius

I roller bucket followed by a 20-foot-long, 20-degree slopiig apron

(plate 92).

The Models

63. A 1:42.47-scale model (photograph 73) simulating a three-bay

section of the approach spillway, roller bucket, and exit channel was

used to develop the optimum design of thj deflector. The spillway

4 crest, piers, and gates were constructed of acrylic plastic; the roller L
- bucket, dentates, and runout were made of waterproofed wood and ply-

wood; and the upstream and downstream riverbed was of heavy planking.

The tailwater was controlled by a variable tailgate. ;ILL-

*64. A 1:50-scale model (photograph 74) was used to evaluate the

effects of the recomended deflector on flow conditions and to estab-

lish spillway operation schedules for optimum fish passage. The model

structures were constructed 'of plastic, waterproofed wood, and plywood. -

The exit channel was contoured in crushed rock and drypack cement.to

" conform with ,a 1973 hydrographic survey.. The tailwater was controlled

by a hinged tailgate and was measured at a gage located 1,0CO feet

Sdownstrem 'from the crest, axis..
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Tests

I 65. Tests were accomplished in both models for conditions both

with and without deflectors. River discharges between 160,000 and

850,000 cfs (4,700 and 106,250 cfs per bay) were tested in the sec-

* tional model, and discharges between 100,000 and 506,400 cfs were

Stested in the comprehensive model. Without the deflectors, large vol-

uses of aerated water were carried to the bottom of the bucket with

all discharges tested. Such conditions would create nitrogen super-

saturation in the water downstream of the project'. Flow conditions

without the deflector are shown on plates 93 and 94 and photographs 75

through 77. Velocities measured just downstream of the bucket apron

are listed in table E.

66. Four different deflector lengths-8.0, 10.0, 12.5 aad 17.5

feet-were initially tested'in the sectional model (plate 95). The

two longer deflectors were unacceptable since flc¢ at high discharges

overshot the dentates and impacted directly on the unpaved tailwater

. channel downstream of the roller bucket. The optimum deflector eleva-

tion was determined by varying the 10-foot-long deflector between ele-

vations 528 and 532. The deflector located at elevation 532 produced

the greatest range of stable, skimming flow-the most desirable condi--

tion for preventing supersaturation (plate 96). The 8.0-foot-log

deflector was tested at elevation 532 and provided more stability at

* the higher discharges and was therefore selected as the final design.

. 'Flow conditions with'the final-design deflector are shown on plates 97
and 98 and photographs 78 through 80. Velocities at the end of the

roller bucket runout are listed on table Z.

67. Data from the existing structures (without deflectors) were

obtained in the 1:50-scale comprehensive model for use as a basi of 0

comparison with later tests with deflectors installed. The purp se of-

the tests was to determine the effects of deflectors on flow conditions '

for 'fish passage and to establish spillway operation patterns for opti-

aom fish passago conditions with the modified spillway. Initial tests

were :%ade with spillway gate openings (1-foot increments) as near to
,i ~~30" ,,
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Deflectors in.Bays 1 Through 7

69. Flow conditions near the north fishway entrance appeared to

be improved if there was no deflector in bay 8. The same series of

discharges was tested with deflectors in bays I through 7 as in the

previous tests. With flows of 212,000 cfs and below, the eddy along

"""the north shore fill was generally larger with much slower velocities

upstream along the bank than that which exi:Led with deflectors in all

eight bays. The difference in flee conditions from those with the

eight-deflectors was not significant at 420,000 cfs and above. Flow

from the north fishway entrance moved downstream a short distance

.. before being drawn into the spillway flow with all conditions tested.

Uniform gate settings provided fair attraction conditions and quiet

water at the north entrance but could be further improved with non-

.uniform spillway operation. Entrance conditions at the unit 6 entrance

were good with units 1 through 3 operating; however, the attraction

flow was crowded against the powerhouse side of the left training wall

with six units operating.

Deflectors in Bays 2 Through 7

.- 70. Tests in the model indicated acceptable flow conditions could

also be obtained with deflectors in only the six interior -bays of the

spillway. Concern over fish acceptance of flow conditions with deflec-

tors in end bays adjacent to fishway entrance& led to the ,decision to

i nstall deflectors in only the six interior bays under the initial

contract andobserve fish conditions on this and similar dams for a

year prior to installing additional deflectors.' Riverflows pertinent

to fish passage-'212,006 cfs and less--were tested 'with non-uniform.'

spill to obtain optimum attraction conditions at both fishwayentran-

ces. Generai ilow conditions existing downstream from the spillway

are shown on plates 117 through 121 and photographs 91 through 95.

' ~ , Generally, higher than normal discharges were used in the end bays 'to

provide good approach conditions with strong downstream flow near the

entrances on each end of the spillway. With the lower river discharges
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, tested, additional flow was parsed through bays 2 and 7 to reinforce

the f-ow in the end bays. With the flow of 212,000 cfs, and with units

"" I through 3 operating, discharge through bays I and 8 'was reduced to,

maintain acr eptable levels of turbulence and wave action near the

"entrances. -1ow conditions at the unit 6 entrance remained satisfac-

"" tory since £ajacent flow patterns were affected more by powerhouse

flow than by spillway conditions.

North Shore Fill

71. The north shore fill, a finger dike adjacent to the north

fishway entrance (photograph 96), was designed to improve flow condi-

- tions with the original spillway. The existing prototype fill has

partially'eroded at the downstream end and will eventually reach sta-

bility. Tests were made in the model to determine the effectiveness

of the fill on flew conditions with deflectors installed on the spill-

way. With the installation of eight deflectors, the fill became less

effective and caused an eddy to partially block flow from the fishway

entrance (photographs 97 through 99). With the fill removed,. the eddy

Udid not exist and a very slow flow moved across the entrance, (plate 122.Z

and photographs 100 through 102).

72. Flow conditions at the north fishway entrance were improved

slightly both with or without 'the f,.ll by the addition of a tapered

"nose extension to the adjacent trainiag wall'. The tapered extensio-,

allowed fishway flow to enter the spillway flow across a 1-foot nose,

instead of the square end of the 14-foot-wide training wall. The tight

eddy and excessive drawdown that occurred with the broad nose of the

wall were eliminated, but the large eddy remained in front of the-

"entrance when the north shore fill was in place (photographs 103 and

104).
S
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Heads on Fishway System

73. A difference in water surfrz,_ at each entrance was required

for operation of the grav.cy-tlow fishway system. Water surfaces at

the north fishway entrance had to be lower than at unit 6 to provide

an operating head. With the existing spillway and the north shore

fill, heads varied favorably from +0.1 to +0.6 foot with discharges up

to 212,000 cfs-the design discharge for fish passage (table F). When

' all eight deflectors were installed, the increased surface velocities

changed the flow patterns and lowered the water surface elevations at

* both entrances with rebulting heads of 0.0 to +0.5 foot-less than

existed originally but still satisfactory (table F). With the deflec-

tor removed from bay 8, velocities and drawdown were less and the head

reversed to -0.4 foot at 212,000 cfs with units I through 3 operating.

Heads at lower flows ranged from 0.0 to +0.3 foot. With deflectors in

bays 2 through 7, further reduction of head was attained at a discharge
* of 212,000 cfs with units A through 3 operating by utilizing a non-

"'" uniform spillway operation. With flow through bay 8 decreased to

improve attraction conditions, t6'. head dropped to -0.7 foot. At dis-

charges less than 212,000 cfs, flow through bay 8 was either equal to

or h'gher than flow through the remaining bays and heads ranged from

+0.2 to +0.5 foot (table F). Removal of the north shore fill reduced

the velocities by allowing the spillway flow to expand,. causing an

increase in water surface elevation and loss of head (+0.5 foot drop-

, ped to -0.4 foot at 212,000 cfs with units I through 3 operating).

"TransIMission Tower Fill

-.74. A land fill protrudes from the left bank into the powerhouse
flow approximately 1,000 feet downstreom from the structures (plate

"91). The fill serves two purposes: diverting flow away from the nav-

igation lock approach and serving as a base for a transmission tower.

Flow conditions existing around the fill without deflectors installed

on the spillway are shown on plAte. 123. The effect of deflectors on
" flow conditions around the fill is shown on plates 124 and 1*25. The
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- direction and intensity of flow and. area of impact on the fill did not

vary appraciably when deflectors were added. flow conditions were

acceptable for upstream movement of fish with or without deflectors

installed on the spillvay.

Waves and Rideup

75. The high-velocity surface flow produced by the spillway

deflectors increased waves and rideup along the banks at the lower

flows. With 212,000 and 420,000 cfs and units I through 3 operating,

* waves and rideup were reduced when deflectors vere added. Table G

lists these conditions at the transmission tower fill, the north shore

fill, the right training wall, and along the face of the, powerhouse

both with and without deflectors. Prototype conditions would vary

from the recorded data due to wind affect, bulking of air in the stil-

ling basin, and bank roughness.
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STable, .

LITTLE GOOSE DAM

VELOCITIES AT STATION 14+00

Existing Spillway and 8-Ft Deflector at Elevation 532

River Spillway Tailvater Velocity, fps
Discharge Discharge Eltvation Depth No 8-ft Deflector

cfs cfs per bay Deflector elev 532

172,000 4,700 542.4 T 4 -5 3- 4
"" 2 -4 3 4
3 1-2 U6-8

160,000 11,650 541.9 T 7 - 8 8 - 13
M 5-8 5 6
B 2-3 U2-4

212,000 18,000 543.2 T 10 - 14 18 - 19
M 7 - 9 10 - 11
B 3-4 U3-4 4

251,000 22,700 544.0 T 14 - 17. 16- 18
M 8- 10 9 - 11
B 5-8 5-.6

344,000 34,200 546.4 T 12- 14 16 - 17
M 14 -15 12- 15 -.
3 13 -14. 10- 12

420,000 43,750 548'.5 T 12 - 15 14 - 17
, 16- 19 13- 15
3 18 -23 13 - 18

680,000 85,000 555.5 T 13 - 14. 15 - 17
N 24 - 28 21 - 22
, 371- 42 33 -. 38

850,000 106,250 560.6 T 14 - 15 14 - 17
M. 29 - 33 26 - 31
D 48 - 50 45 - 50

NOTES: 1. Flow is downstream, except as noted U.
2. Data taken on center line of bays; average of 3 bays.
3. Velocities at 5-ft depth T, 0.5-depth M, and 5 ft above

bottom S.

TABLE E
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"Table F

LITTLE GOOSE DAM Z-a

WAVES AND RIDEUP

River Pwhs Waves in feet (or elev) Rideup in ft

Discharge Units Deflectors North Right Trans North Trans -

in CFS Opr in Bays Shore Training Unit Unit Tower Shore Tower -
Fill Wall 3 1 Fill Fill Fill

100,000 1-3 1 to 8 1 539-542 1 1 0.5 4 3
1 to 7 1 539-541 0.5 0.5 0.5 4 3

0 0.5 539-541 0.5 0.5 0.5 2 1

160,000 1-3 1 to 8 4 538-544 1 1 1 8 5
to 7 3 540-543 1.5 1 1 6 6

160,000 1-6 1 to 8 1 540-543 0.5 0 0 6 1
1 to 7 0.5 541-543 0 0 0.5 2 2

212,000 1-3 1 to 8 5.5 538-547 1.5 1.5 1 15 8
I to 7 2.5 539-546 1.5 1 1 12 7

0 5 543-553* 2 1.5 2 20 10

212,000 1-6 1 to 8 2.5 540-548 0 0.5 1 10 5
1 to 7 1.5 541-546 0.5 0.5 1 8, 5

0 1.5 543-545 0.5 0.5 0.5 6 4

420,000 1-3 1 to 8 6 545-553* 2 2 2* 20 14*
1 to 7 4 545-553* 2 1.5 2* 17 15*

0 10* 5,5-553* 3 3 3* 30* 16*

420,000 1-6 1 to 8 7* 545-553* 2.5 2 3* 19* 13*
1 to 7 , 5.5* 546-551 3 3. 2.5* 18* 1.4

0 6* 550-553* 3 2.5 2.5* 20* 12*

. 506,400 0 1 to 8 10* 554-553* 7.5 4.5 3* -* -*
1 to 7 7* 544-553* 5 2.5 4* 14* 5*

0 7* 545-553* 4 3 3* 25* -*

* Indicates overtopping of wall or fill.

NOTES: 1. No long tern wave (surge) was observed along powerhouse
or at trasmission tower fill.

2. Waves and rideup measured from lowest trough.to highest
peak.

C,."

TABLE F
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Little Goose Dam

Photograph 74. Existing spillway and powerhouse with
tail1bay erosion of Aug 1973 i0 1:50-scale
comprehensive model.



River, flow 172,000 cfs (4,700 cf,s per bay),

tailvater elevation 542.4.

River flow 160,000 cfs (11,650 cfs per bay),
tailwater elevation 541.9.

4I

Ri ver, flow 212,000 cfs' (18,000 cfs per bay),
* ~tailwater elevation 543.2.

Little Gobose am

Photograph 75. Flow conditions with existing spkillway

and roller bucket (no deflector).



Discharge 22,700 cfs per bay. River flow 251,000 cfs.
Tajiwater elevation 544.0.

Discharge 34 ,200 cfs per bay.. River flow. 344,000 cis.

o Tailwater elevation 546.4.

Little Goose-Dam

*Photograph 76. Flow conditions with existing spillway

and roller bucket' (no clef lector)-*
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*Discharge 43,750 cfs per bay. River flow 420,000 cfs.
Tailwater elevation 548.5.

*Discharge 106,250 cfs'per bay. River flow'850,000 cfs.
Tailwater elevation 560.6.

TAIttl Goose Dam

Photograph 77. Flow conditions with existing spillway'
* and roller bucket (no deflector).

-_ __ 
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Discharge 4,700 cfs per bay. River flow 172,000 cfs.0
Tailwater elevation 542.4.

Discharge 11,650 cfs per bay. River flow 160,000 cfs.
Tailwater elevation 541.9.

Discharge 18,000 cfs per bay River flow 212,00'0 cfs.
Tailwater elevation 543.2.

Little Goose Damn

Photograph 78. Flow conditions wi2th .8-foot 'deflector'at
elevation 532 (final design).



Discharge 22,700 cfs per bay. River flow.251,000 cfs.
Tailwater elevation 544.0.

Discharge-34,200 cfs per bay. River flow-344,000 cfs.
Tailwater elevation 546.4.

-lil

Discharge 43,750 cfs per bay. River flow 420,000 cfs.
*Tajiwater. elevation 548.5.

Little Goose Dam

* Photograph 79. Flow conditions with 8-foot deflector at
.elevation 532 (f inal design).



Discharge 85,OQO cfs per bay. River f lew 680,000 cfs.
/Tajiwater elev-ition 5555

n0

Discharge 106,250 cf s per bay. River flow 850,0-00 cf 5.

'4. Tailwater elevation 560.6.

Photograph 80. Flow conditions with 8-foot deflector at
elevation 532 (f inal design) .
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Photograph 81. Flow conditions without deflectors. River
discharge 212,000 cfs; powerhouse units I
to 3 operating.
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Little, Goose D=m

Photograph'83. 'Flow conditions without deflectors. Spillway
discharge 420,000 cfs, powerhouse units 1,,to
3 oper~ating.



r. os- - - -

Littil GOOne Dar

Photograph,84. Flow conditions without deflettors. River
discharge 420,000 cfsg powerhouse units

*~ ito 6 operating.
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Photograph 85. -Flow conditions without dcflectors.
-River discharge 506,400 cfa; powerhouse

* not operating.
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Photgrah 86 rlw coditons ithdeflcto* inspilwa
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Photgrah 89 Flw coditons ithdeflctos inspilwa

baysI to8. iverdisharg 42,000cfs
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Little Cook& Dam

Photograph '90. Plow conditions with deflectors in spillway
bays 1 to 8. ,River discharge 506,,400 cfal

t powerhouse not operating.
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Photgrah 91 Flw coditons ithdeflc os inspilwa

Photgrah 9. Fowercousditions wIth deoperstings. lwa
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Little Googe D2arn

Photograph 92. Flow conditions with deflectors in spillway'
* * bays 2 to 7. River discharge 160,1000 cfs;

* powerhouse units 1 to 3. operating.

4.15



-, 160

7ie

Xb

L

-:k



0L

li

* Little Goose Dam

Photograph 94. Flow conditions with deflectors in spillway
*bays 2 to 7. River discharge 212,000 cfs;

powerhouse units 1 to 3 operating.
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Little Googe'Dam

Photograph 95. Flow conditions with deflectors in s.piliway
bays 2 to 7., River discharge 212,000 cfs; Li
powerhouse un.its 1 to 6 operating. A.
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Photograph 98. Powerhouse units 1 to 3 operating.

Photograph 99. Powerhouse units 1 to 6 operating.

Little -Go~ose Damn

Flow'conditioris with deflectors-in bays 1 to 8 and,
9finger dike till near north tis 'hway entrance in place.

River discharge 160,000 cfe.



Lit tie Gogo. pan

Photograph 100 F low conditions with deflectors in spillway
bays i~to 8 and finger dike fill near north
tiahvay entrance removed. River discharge
100,000 cfsj powerhouse units i.to 3
operating.



Photograph 101. Powerhouse units 1 to 3 operating.

Photograph 102. Powerhouse units 1 to 6 operating.

Flow conditions with deflectors in spillway bays 1 to 8 and,
finger dike f ill near. north fishway entrance removed.

River discharge 160,000 cfs.



Photograph 103. Deflectors in spillway bays 1 to 8

Photograph 104. Deflectors in spillway-bays 1 to 7.-

?low conditions with finger dike fill near north fishway
*entrance in place and 15-foot tapered nose on right training vail.

Powerhouse units 1 to 3 operatingy river discharge, 212#000 cfs..
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XI

DEFLECTOR DETAILS

* DEFLECTOR __________

SECTION THROUGH SPILLWAY

WITH 8--FT, DEFLECTOR AT ELEVATION 532
(FINAL DESIGN)

LITTLE GOOSE. DAM
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76. Hydraulic 'model studies were conducted to develop the design

of the flow deflectors for installation at seven prcjects located on .

the Columbia and Snake Rivers. Tests accomplished for six of those

projects are presented in this report. Development of deflectors for

the seventh project, Lower Granite Dam on the 'Snake River, are reported

in Technical Report 121-1, Lower Granite Dam, Snake River, Washington,
Hydraulic Model Investigation dated August 1984. The deflectors were

investigated as a method to remedy the nitrogen supersaturation prob-

lem resulting from highly aerated spillway discharges plunging deep "-

into a stilling basin or roller bucket. With the exception of John .

Day Dam, separate, sectional spillway and comprehensive models were

used for each project. The larger scale sectional models were used to -

develop the design details of the deflectors, while the smaller scale .

comprehensive models were used to determine the effects of the deflec-

tors on flow conditions downstrewn of the spillway and to establishL --

spillway operation schedules for optimum fish-passage conditions.

Bonneville Dan .

77. Model tests indicated that a 12-foot-long deflector located

at elevation 14 on all 18 spillway bays would be the optimum design.

"With this design, stable, skimming stilling-basin flow conditions .

existed with river discharges as low as 325,000 cfs (11,500 cfs per

bay). Adequate attraction conditions at the fishway'entrance could be

attained by adjusting spillway gate operations. The deflectors were

ultimately "installed on 12 of the 18 spillway bays in the prototype 0

(bays 4 through 15). .

John Dayi D=

78. The 12.5-foot-long deflector-located at eleva :on 149 pro-

vided the best overall results based on flow stability, quantity and

depth of air penetration in the stilling basin, and energy dissipa-

tion. With the tailwater created by The Dalles project at reservoir

36
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"* Ice Harbor Dam

82, The best overall reduction in depth and quantity of air, pen-

etration in the stilling basin was obtained with a 12.5-foot-long

deflector located at elevation 336. The best fishway attraction flows

were obtained with deflectors located in bays 3 through 8. The model

indicated that ilow instability can be expected to occur with dis-

charges of approximately 13,000 to 25,000 ofa per bay.

83. Slotted bulkhezds in the spillway bays were tested but did

not decrease aeration of the flow and were therefore not recommended.

The addition of dentates.to the deflectors lessened air penetration in

the stilling basi-'but were not recomended due to potential cavita-

tion damage and fish mortality.

84. The deflectors were not installed in the prototype structure.

Lower Monuaental D__

85. The optimum design developed in the model was a 12.5-foot-

' long deflector located at 'elevation 434. Fish-attraction conditions

" were acceptable with deflectors located either in all eight bays or in

, bays 2 through7only.

86. Dentates located on the spillway above the deflectors -

*;improved flow conditions and zones of aeration in the stilling basinn 'j
but pressures on and near the dentates were within the range of cavi-

. tAtion. A deflector with dentates was installed in one bay of the "

* prototype and subjected to one season of operation. Extensive cavita- -

* tion damage resulted, and the decision was made to Install the remain-

". ing deflectors without dentates in bays 2 through 7 of the prototype. '
'
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Li,- te Goose Dam

"87. The.optimum design developed in the model was an 8-foot-long

deflector located at elevation 532. The deflectors were installed in

bays 2 through 7 of the prototype. Non-uniform spillway operation

developed in cooperation with members of .the ColL-abia River Fisheries

STechnical Advisory Cimittee and tested in the model improved the

observed fish passage conditions.

Prototype Performance "

88. Upon completion of installation of the deflectors on the 4
prototype structures, a monitoring program ,was initiated to measure the

nitrogen levels downstream from the structures during spill periods. j
In general, the deflectors have resulted in lomering of the nitrogen

levels during average water years from the 130-140 percent range

. experienced prior to installation to a range of about 115-120 percent.

During high water years the reduction is generally from the approxi-

mate range of 140-150 percent to about 120-125 percent. More specific

data on the actual nitrogen levels may be obtained from the IWD Water

Quality Section, telephone (503) 221-3764.
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